Background: Many countries have adopted the fecal immunochemical test (FIT) as the primary colorectal cancer (CRC) screening tool; however, its accuracy is limited. Epidemiological studies have shown that obesity and type 2 diabetes increase risk for the disease. Objective: The objective of this article is to evaluate the association of colorectal polyps and cancer with comorbidities and lifestyle factors in a population that is part of a FIT-based CRC screening program. Methods: Between 2005 and 2013, we analyzed 3894 FIT þ patients who underwent total colonoscopy. The impact of lifestyle factors on polyps and cancer was assessed using individuals with a negative colonoscopy as the control group. A multivariate logistic regression analysis was used to estimate odds ratios (ORs) and 95% confidence intervals (CIs). Results: We collected data from 3894 FIT þ patients. Obesity (OR 1.29; 95% CI 1.05-1.60) and smoking (OR 1.45; 95% CI 1.24-1.71) were significantly associated with high-risk adenomas. Smoking and heavy alcohol drinking were both independently associated with high risk of CRC (OR 1.50; 95% CI 1.10-2.04 and OR 2.29; 95% CI 1.15-4.58) and colon cancer alone (OR 1.43; 95% CI 1.01-2.02 and OR 3.09; 95% CI 1.53-6.23). Positivity to first round of FIT was associated with high-risk adenomas (OR 1.47; CI 95% 1.26-1.71) and CRC (OR 1.74; 95% CI 1.29-2.36). No associations were found for diabetes. Conclusion: In our FIT þ population, lifestyle factors are significantly associated with the risk of carrying high-risk adenomas and CRC. In the future, studies could be aimed at finding better screening strategies through the development of clinical algorithms based on lifestyle changes/comorbidities.
Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the fourth leading cause of cancer death in the world, accounting for about 1.4 million new cases and almost 700,000 deaths in 2012; its burden is expected to increase by 60% to more than 2.2 million new cases and 1.1 million cancer deaths by 2030. 1 In the past four decades, the prevalence of obesity has dramatically increased globally. In particular, in 2014, worldwide age-standardized prevalence was 10.8% in men and 14.9% in women, which was more than doubled compared to 1975. 2 Epidemiological studies obtained from several world areas have shown that obesity and type 2 diabetes increase the risk for developing CRC in the general population. 3, 4 A recent meta-analysis of epidemiological studies has shown that an increase of 5 kg/m 2 in body mass index (BMI) confers a significantly high relative risk of developing colon cancer in men. 5 Furthermore, an increased visceral adiposity is associated with a higher risk for developing adenomatous polyps. 6 Many European countries have adopted population-based screening programs to prevent CRC through the use of the fecal immunochemical test (FIT). Prevention of CRC relies on the recognition of high-risk lesions and their removal. However, FIT carries a significant rate of false-positive results. The aim of this study is to determine the association between obesity, diabetes mellitus, alcohol use, smoking and colonoscopy findings in a FIT þ screening population. The identification of possible risk factors associated with high-risk adenomas or CRC among FIT þ individuals might help develop future strategies aimed at increasing awareness of CRC screening in populations at increased risk.
Methods

Study population
We obtained data on all FIT þ patients who underwent total colonoscopy at the Sant'Orsola Malpighi University Hospital in Bologna, Italy, from March 2005 to December 2013 within the regional CRC screening program, which targets the asymptomatic population 50-69 years of age. At the time of enrollment, information regarding personal history, comorbidities, risk factors, current medication use, and family history of cancers was collected. Information about FIT positivity (!100 ng/ml) in relation to the rounds of screening was recorded. All colonoscopies were performed by dedicated personnel strictly following the guidelines provided by the Regional Colorectal Cancer Screening Program of Emilia-Romagna.
From the total cohort of FIT þ patients, we excluded: (1) those younger than age 50 who were offered, in the very early phase of the program, screening based on family history; (2) those who initially underwent a computed tomography (CT) colonography; (3) those who fulfilled the World Health Organization (WHO) criteria for serrated polyposis syndrome (SPS), or the criteria for hyperplastic polyposis syndrome (HPS) 7 ; and (4) cases with incomplete histological information. The chart of each included patient was retrospectively thoroughly reviewed.
The study was approved by the institutional review board of the Sant'Orsola-Malpighi University Hospital.
Assessments
All covariates were collected by review of medical records. Age at diagnosis was calculated at the time of colonoscopy. Based on body mass index (BMI), patients were stratified into four groups: underweight (BMI < 18.5), normoweight (18.5 ! BMI < 25), overweight (25 ! BMI < 30) and obese (BMI ! 30). Smokers were considered those who either claimed to have smoked throughout their life at least 100 cigarettes and to be a smoker at the time of interview, or to have quit less than 10 years prior to undergoing screening. Heavy drinkers were considered those with alcohol consumption greater than 35 gr/daily. CRCs were defined based on TNM staging. Histologically, the lesions were divided into adenomas, sessile-serrated adenoma/ polyps, traditional serrated polyps and cancer; individuals with hyperplastic polyps, not fulfilling the criteria for SPS/HPS, were considered as having no lesions. High-risk adenomas were considered patients having:
(1) adenomas ! 1 cm in diameter, (2) adenomas with high-grade dysplasia, (3) adenomas with a villous component, (4) ! 3 adenomas, (5) sessile-serrated adenoma/ polyps or traditional serrated polyps !1 cm in diameter or any size with dysplasia.
Statistical methods
For descriptive analyses, data based on dichotomic variables were expressed as proportions, while those based on continuous variables as mean with standard deviation (SD). The associations of colorectal polyps and CRC with lifestyle factors were evaluated using a multivariable logistic regression analysis. Risk was assessed using individuals with negative colonoscopy and normoweight as the baseline group. Odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated following adjustment for age, sex, BMI, smoking status, alcohol consumption, presence of diabetes and positivity to the first round of FIT. All p values were two sided and values < 0.05 were considered statistically significant. All statistical analyses were carried out using STATA software, version 11.0 (STATA Corp, College, Station, TX, USA).
Results
Baseline characteristics of participants
From March 2005 to December 2013, 4007 FIT þ patients were referred to the Endoscopy Unit of the Sant'Orsola Malpighi University Hospital to undergo colonoscopy and were interviewed. Of these, 19 FIT þ individuals, younger than 50 years and belonging to the very early phase of the program that targeted also those with a positive family history, were excluded. We also excluded 75 people who underwent CT colonography instead of colonoscopy, and seven individuals for incomplete histological information. Furthermore, 12 patients were excluded because they fulfilled the diagnostic criteria for SPS or HPS and are reported elsewhere. 7 A total of 3894 participants were included in the study.
Patient information and risk factors are shown in Table 1 . The median age at the time of diagnosis was 61.2 years ( AE 6.1), and 52.3% were males. Based on BMI, 24 patients (0.6%) were underweight, 1494 (38.4%) were normoweight, 1613 (41.4%) were overweight and 762 (19.6%) were obese; BMI was unknown in one individual . A total of 1150 participants (29.5%) were current smokers. There were 104 patients who were heavy drinkers (2.7%). A total of 284 participants (7.3%) had a diagnosis of diabetes (among them two with insulin-dependent diabetes mellitus).
The algorithm for the study is shown in Figure 1 . Of the 3894 participants, 1751 (45.0%) had a negative colonoscopy or hyperplastic polyps, 1919 (49.3%) showed at least one adenoma or sessile-serrated adenoma/ polyps or traditional serrated polyps during colonoscopy while 224 (5.7%) individuals were diagnosed with CRC. Among the latter group, 174 (77.7%) had cancer located in the colon, and 49 (21.9%) in the rectum; for one participant the exact site of CRC could not be retrieved from the records.
BMI, diabetes, smoking and alcohol intake and risk of colorectal lesions in FIT þ individuals
The lesions group included adenomas, sessile-serrated lesion/polyps or traditional serrated polyps and CRC patients. Data on the prevalence and multivariate analysis of lesions are listed in Table 2 . Overweight (OR 1.15; 96% CI 1.00-1.33), obesity (OR, 1.36; 95% CI, 1.13-1.64) and smoking (OR 1.42; 95% CI 1.23-1.64) were significantly associated with the presence of colonic lesions. No association was found with alcohol intake or diabetes.
BMI, diabetes, smoking and alcohol intake and risk of high-risk adenomas in FIT þ individuals Overweight and obese participants showed a statistically significant association for carrying a high-risk adenoma, with OR 1.18 (95% CI 1.0-1.39) and OR 
Discussion
We retrospectively reviewed our CRC screening cohort of FIT þ patients and evaluated whether lifestyle habits could be associated with increased risk for colorectal lesions at index colonoscopy. Our data show that obesity and smoking are also significantly associated with an increased risk of high-risk adenomas in this FIT þ population. Importantly, smoking and alcohol intake are associated with the risk of CRC, while a borderline association was found for obesity and colon cancer. No associations were found between diabetes and any type of colonic lesions. Based on epidemiological data from the general population, a strong association between increased BMI and CRC is well documented; 8-10 however, only very few studies have been conducted on CRC screening patients, with conflicting results. In 2010 Stein et al. retrospectively evaluated 600 asymptomatic individuals who underwent screening colonoscopy and found an association between BMI > 30 kg/m 2 and colonic advanced lesions (adenoma/serrated polyps >10 mm and CRC). 11 Conversely, Lieberman et al. evaluated a cohort of 1770 asymptomatic individuals aged 50-75 years who underwent screening colonoscopy, and failed to demonstrate a significant association between BMI and colonic advanced lesions (adenoma >10 mm or more in diameter or a villous adenoma or an adenoma with high-grade dysplasia and invasive cancer). 12 Different from our data, both studies were not based on FIT screening and had a smaller sample size.
In the present study, we found that obesity (OR 1.29; 95% CI 1.05-1.60) was significantly associated with the presence of high-risk adenomas and borderline-associated with colon cancer. Several complex mechanisms have been proposed to explain the link between obesity and colorectal carcinogenesis, including inflammation and unbalanced levels of adipokines. 4, 13 Furthermore, in line with a previous report, 12 we found the strongest association was between heavy alcohol consumption and CRC.
In our cohort, we did not find any association with diabetes. Numerous studies have shown an association between diabetes and risk for CRC in the general population.
14 It is reasonable to speculate that the differences found in our study could be related to an underestimation of individuals affected by diabetes because of the bias related to self-reported information during interviews.
Cigarette smoking is a well-established major risk factor for CRC. [15] [16] [17] In our study, cigarette smoking was associated with the risk of carrying high-risk adenomas or cancer. Two colonoscopy-based previous studies found, similar to our results, an association between smoking and adenomatous polyps as well as advanced neoplasia (high-risk adenomas and invasive cancer). 12, 18 Our study features two important strengths. First, it is based on a large database with nearly 4000 consecutive participants who underwent colonoscopy, allowing enough power to obtain stable estimates. Second, our study population is highly selected and homogeneous, as all the participants are asymptomatic FITþ, 50-to 69-year-old individuals.
We also acknowledge several limitations. First, our cohort is a selected sample of the general population as it includes only FIT þ individuals from the community who agreed to participate in colon cancer screening. Therefore, we lack information on those who did not agree to undergo colonoscopy. Thus, we may have introduced some selection biases that may have affected our results.
Second, BMI was calculated on self-reported weight and height: Misclassification varies with age (increases in older individuals) and relative BMI (increases with increasing BMI). 19 Importantly, we have only static physiological information; available epidemiological studies have evidenced that life weight change may be more strongly predictive of CRC risk than overall obesity calculated by BMI. 20, 21 Third, we lack information about physical activity, which, as we know, is associated with a lower risk of CRC. 22, 23 We also found that the median age of patients with high-risk adenomas and cancer was 61.5 years. Recent studies emphasize the hypothesis to consider starting age-based CRC screening programs at younger than 50 years of age, as the incidence of early-onset CRC during decades across the age group 20-49 years is increasing, 24 highlighting a possible contribution from obesity. 25 Our results are in contrast with this hypothesis and confirm the standardized age of screening at 50 years, highlighting a possible need for calculating obesity trajectories (early onset þ long-standing) in future studies in order to estimate possible different target populations based on age.
To our knowledge this is the first study that estimates the association of BMI, smoking and alcohol use with the risk of high-risk adenomas or CRC at index colonoscopy in consecutive FIT þ individuals belonging to a population-based CRC screening program.
Many countries have now adopted FIT for population-based CRC screening programs, since it is a nonexpensive, noninvasive test that allows high participation rates among populations. 26 Our data could help improve future screening strategies among FIT þ individuals by identifying true tumor carriers through the employment of clinical algorithms based on lifestyle changes/comorbidities. Furthermore, since the FIT-based screening programs are associated with a reduction in CRC mortality, 27 but are experiencing problems in reaching satisfactory participation rates, 28 our data highlight the need to increase awareness in high-risk groups for undergoing FIT screening.
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